ABSTRACT: Effects of replacing cottonseed hulls with dry redberry juniper leaves on performance and serum NEFA, urea N, and IGF-1 were investigated in Rambouillet lambs (n = 24, initial BW = 28.6 ± 4.94 kg). In a study with 2 feeding periods (period 1 = 65% concentrate ration, 28 d; period 2 = 85% concentrate ration, 49 d), lambs were individually fed ad libitum treatment diets containing cottonseed hulls (control; CSH), one-half of the cottonseed hulls replaced by dry juniper leaves (CSHJ), or all the cottonseed hulls replaced by dry juniper leaves (JUN). Lamb BW was similar on d 0 and 14, but increasing juniper in the diet linearly reduced (P = 0.04) BW on d 28. Differences in BW during period 1 are attributed to ADG and average daily DMI linearly decreasing (P < 0.001) with increasing concentrations of juniper, with lambs fed CSH, CSHJ, or JUN diets having ADG of 0.34, 0.30, and 0.14 kg, respectively. Differences in average daily DMI are attributed to secondary compounds in the cottonseed hulls and juniper and nutrient-toxin interactions.
INTRODUCTION
A rapid increase in redberry juniper (Juniperus pinchotii) encroachment is an important range management issue (Taylor, 2008) , and managing juniper by mechanical or chemical methods is not always cost-effective (Lee et al., 2001 ). Sheep will consume juniper as part of their normal diet (Utsumi et al., 2009), but it is toxic at large doses (Johnson et al., 1976) . Cottonseed hulls are a common roughage source for lamb feedlot diets in Texas, but have reduced nutritional value compared with other ingredients. Juniper leaves have CP values (Huston et al., 1981) that are greater than reported for cottonseed hulls (NRC, 2007) . Juniper leaves also have less fiber than cottonseed hulls and NE m similar to alfalfa cubes (NRC, 2007) . Because over 20 million acres of Texas rangelands are infested with juniper and its canopy cover can increase annually by approximately 1% (Ansley et al., 1995; Ueckert et al., 2001) , there is a large economic and ecological benefit to be derived from using this invasive woody plant as a ruminant feed resource.
The nutritional value of a feedstuff is reduced or eliminated if it contains compounds that negatively affect intake, performance, or animal health. For example, redberry juniper leaves contain secondary compounds such as condensed tannins (CT) and monoterpenoids (Pritz et al., 1997; Campbell and Taylor, 2007) , which can deter intake by inducing aversive postingestive feedback (Provenza, 1995) , alter rumen microbial function (Oh et al., 1967) , and cause hepatic pathogenesis (Pritz et al., 1997; Bisson et al., 2001) . In contrast, reduced CT or monoterpenoid concentrations can benefit ruminants (McIntosh et al., 2003; Castillejos et al., 2006) . Harvesting and feeding juniper has the potential to synergistically increase feedlot profitability and forage production and ecosystem health (Arnold, 1964; Coultrap et al., 2008) . The objective of this study was to determine if juniper can effectively replace cottonseed hulls in lamb growing rations.
MATERIALS AND METHODS
The experimental protocol was approved by the Texas A&M University Institutional Animal Care and Use Committee.
Animals and Management
Rambouillet ram lambs (n = 24; approximate age = 4 mo; initial BW = 28.6 ± 4.94 kg) were weighed at the beginning of the adaptation period (i.e., 21 d before study initiation), stratified by BW, and randomly assigned to individual treatments (n = 8/trt). One lamb was removed from the study due to coccidia infection. Lambs received an ear tag and a subcutaneous injection of a clostridial vaccine (Vision 7 with SPUR, Intervet Inc., Millsboro, DE). Lambs were randomly assigned to individual, completely covered dirt pens (2.44 × 2.97 m) with automatic watering systems and feed bunks. Treatment diets were feedlot growing rations containing cottonseed hulls (control; CSH), one-half of the cottonseed hulls replaced by dry juniper leaves (CSHJ), or all the cottonseed hulls replaced by dry juniper leaves (JUN; Table 1 ). Lambs were individually fed once daily at 0900 h with an approximate allowance of 20% refusals. Feed refusals were collected daily, weighed, discarded, and not evaluated.
After a 21-d transition period, during which percent ration concentrate was gradually increased and juniper gradually replaced cottonseed hulls, lambs were fed for 2 feedlot periods for a total of 86 d. During period 1 (d 0 to 28), lambs were fed a 65% concentrate ration. Lambs were then transitioned over 5 d into period 2 (d 33 to 82), onto an 85% concentrate ration and fed until slaughtered on d 86. Lamb BW was recorded and blood serum collected on d 0, 14, 28, 33, 40, 54, 68, and 82 . Average daily gain and DMI were determined between days that BW was recorded, and G:F was calculated between sampling days by dividing ADG by average daily DMI. The ADG, DMI, and G:F data are not reported for transition periods (from d −21 to 0 and from d 28 to 33). Lambs were also evaluated for wool and carcass characteristics and meat fatty acid profiles, but results will be reported in a separate article.
Sample Collection and Measurements
Juniper Harvesting and Feed and Serum Collection and Laboratory Analysis. Branches from mature redberry juniper trees were cut at a nearby ranch in 1 general location to reduce variability in leaf quality (Riddle et al., 1996) . Mature redberry trees were selected because they are not as palatable as seedlings and redberry is less palatable than blueberry juniper (Juniperus ashei Buchholz; Taylor, 2008) . New growth from previously cut trees was never recut, and cut branches were allowed to air dry under cover (approximately 30 d for period 1 and 14 d for period 2) before leaves were harvested and fed. To evaluate forage and feed nutritive value, random samples of dry juniper leaves were collected during both periods, analyzed separately, and nutritive values averaged. Random samples of treatment diets were collected during both periods and analyzed separately by period. Cottonseed hulls came from a common source that was stored under cover and were therefore sampled only once. Samples were dried at 55°C in a forced-air oven for 48 h, ground in a Wiley mill (Arthur H. Thomas Co., Philadelphia, PA) to pass a 1-mm screen, and stored at −20°C. Nitrogen was analyzed by a standard method (AOAC, 2006) and CP calculated as 6.25 × N. Crude fat was analyzed by a standard ether extraction method (AOAC, 2006) . Neutral detergent fiber and ADF were analyzed with Van Soest et al. (1991) procedures modified for an Ankom 2000 Fiber Analyzer (Ankom Technol. Corp., Fairport, NY) without correcting for residual ash, using α-amylase, and omitting Na sulfite. Ash was analyzed by a standard method (AOAC, 2006) and nonfibrous carbohydrates (NFC) were calculated as (NFC = DM -CP -crude fat -ash -amylase-treated NDF OM) according to Mertens (2002) . Sulfur was evaluated by a Leco analyzer Leco, St. Joseph, MI) , and all other minerals were analyzed by a Thermo Jarrell Ash IRIS Advantage HX Inductively Coupled Plasma (ICP) Radial Spectrometer. In addition, part of each sample was dried in a forced-air oven at 103°C until weight was constant to determine DM concentration.
An Ankom model DaisyII incubator was used to determine soluble DM and CP, true IVDMD, CP digestibility, and bacteria attachment by incubating juniper leaves, cottonseed hulls, and each treatment diet in separate F57 bags (Ankom Technol. Corp.) for 48 h. Each bag contained 0.35 g of feed material that was ground to pass a 1-mm screen (Wiley mill). Bags were placed in separate incubation jars containing 400 mL of goat rumen fluid (donors fed alfalfa hay and pellets at 2.5% BW) and 1,600 mL of McDougal's buffer solution (1.064 g of urea·L −1 ). After anaerobic incubation at 39°C, all bags were gently rinsed under cold water and then washed in a washing machine according to Coblentz et al. (1997) procedures. Soluble DM and CP (% of initial DM) were determined in duplicate from residue in bags immediately after being washed. To determine 48-h true IVDMD, 3 other bags of each feed type were subjected to the NDF procedure, rinsed in acetone, and dried at 55°C in a forced-air oven for 48 h and weighed. Undegradable intake protein (% of initial DM) was determined from 3 other bags of each feed type according to procedures described by Mass et al. (1999) and Klopfenstein et al. (2001) , but without correcting for 96-h indigestible fraction. Procedures previously reported by Mass et al. (1999) were used to determine particle-associated bacteria (PAB) attachment. To summarize, N (× 6.25) was determined in triplicate from bags before (n = 3/feed type) and after (n = 3/feed type) the NDF procedure; the difference in N is considered to be of microbial origin.
Condensed tannins in redberry juniper leaves and cottonseed hulls without the fibers were assayed for soluble, protein-bound, and fiber-bound fractions by methods described by Terrill et al. (1992) . Samples were oven-dried, and standards were prepared from blueberry juniper for the redberry juniper samples and from purified cottonseed hulls for the cottonseed hull samples, as recommended by Wolfe et al. (2008) . The air-dried juniper leaves were analyzed for individual monoterpenoids and total oil content using procedures described by Tellez et al. (1997) .
Serum Collection and Laboratory Analysis. A 10-mL blood sample was collected 4 h after feeding (at 1300 h) from each lamb via jugular venipuncture using a nonheparinized vacutainer collection tube (serum separator tube, gel and clot activator; Becton Dickenson, Franklin Lakes, NJ). Blood samples were allowed to clot and then centrifuged (Beckman Coulter TJ6 refrigerated centrifuge, Fullerton, CA) at 970 × g for 25 min at 4°C. Serum was decanted and frozen at −20°C until analyzed for urea N, NEFA, and IGF-1 concentrations. Serum urea N (SUN) concentrations were analyzed using a commercial kit (Teco Diagnostics, Anaheim, CA) with intra-and interassay CV less than 4%. Serum NEFA concentrations were also analyzed using a commercial kit (NEFA C, Waco Chemicals, Neuss, Germany) with intra-and interassay CV less than 7%. Serum IGF-1 concentrations were determined by RIA using procedures of Berrie et al. (1995) . Intra-and interassay CV for IGF-1 were 9.4 and 19.2%, respectively, with a 95% recovery rate.
Statistical Analyses
Data were analyzed using PROC MIXED (SAS Inst. Inc., Cary, NC). Lamb BW, ADG, average DMI, G:F, and SUN, NEFA, and IGF-1 were initially analyzed using a model that included treatment and treatment × day × period interaction with day as the repeated measure and lamb within treatment as the subject. All variables had treatment × day × period interactions (P < 0.01); thus, the model was analyzed by period and reduced to include treatment, day, and treatment × day interactions. Within period, treatment × day interactions were observed (P < 0.10) for BW (period 1 only), SUN, and IGF-1; thus, these variables were analyzed by day. Covariance structures (autoregressive order-1 and compound symmetry) were compared to determine the most appropriate structure for each model. Data are reported as least squares means with greatest SE. Linear and quadratic orthogonal polynomial contrasts were used to compare treatment means. Correlations among performance data and SUN, NEFA, and IGF-1 concentrations were evaluated by period using the Spearman correlation procedure.
RESULTS AND DISCUSSION

Chemical Composition of Juniper Leaves, Cottonseed Hulls, and Treatment Diets
Overall nutrient composition and nutritive value of air-dried juniper leaves were greater than cottonseed hulls (Table 1) . Huston et al. (1981) reported similar CP and in vitro digestibility in redberry juniper leaves. Compared with cottonseed hulls, juniper leaves had greater CP, but this was not reflected in the treatment diets (Table 1 ). Juniper leaves also had greater TDN and less NDF and ADF concentrations than cottonseed hulls. Juniper had greater Ca and similar P concentrations compared with cottonseed hulls, and thus had greater Ca:P. In addition, juniper had approximately 10 times the amount of Fe as compared with cottonseed hulls, and CSHJ and JUN diets had Fe concentrations over 730 mg/kg during period 2. Ivan et al. (1990) stated that increased Fe in forages (549 to 990 mg/kg) may cause Cu deficiency in lambs, and NRC (2005) stated the maximum tolerable amount of Fe is 500 mg/ kg of DM. Even though Fe toxicity can damage liver tissue (NRC, 2007) , lambs appeared healthy throughout the study similar to what has been observed by others (Prabowo et al., 1988) and liver tissue appeared normal (no lesions) at slaughter.
Compared with cottonseed hulls, juniper leaves were more than 3 times more digestible (true IVDMD), had greater soluble DM and CP, degradable CP (% of initial DM), CP digestion (% of initial CP), and PAB, but less undegradable intake protein (Table 2) . Treatment diets contained similar PAB concentrations, interpreted to indicate that secondary compounds in the juniper were not negatively affecting bacteria attachment to feed and forage particles. Most of the nutritional differences between juniper leaves and cottonseed hulls were mirrored in the treatment diets, but less so during period 2.
Monoterpenoid concentrations of air-dried juniper leaves differed considerably between feeding periods and were much less than reported for fresh redberry juniper (Riddle et al., 1996;  Table 3 ). Because all juniper was stored in similar covered locations, monoterpenoid concentration differences between feeding period could be due to differences in monoterpenoid volatilization over time (Utsumi et al., 2006) or seasonal changes in monoterpenoids that are known to occur (Campbell and Taylor, 2007) . Percent composition of individual monoterpenoids in the oil was relatively similar between periods, which agrees with Duncan et al. (1994) . Period 1. Lamb BW is presented in Figure 1 , and ADG, average daily DMI, and G:F are presented in Table 4. A treatment × day interaction (P < 0.001) was observed for lamb BW, but not for ADG, average daily DMI, or G:F. During the first 14 d of period 1, lamb BW remained similar (P > 0.23), but decreased linearly (P = 0.04) on d 28 as percentage of juniper in the diet increased. This difference in BW at the end of period 1 is attributed to linear decreases in ADG and DMI (P < 0.001) as percent juniper increased in the diet. The linear decrease in DMI was opposite of what would be expected because NDF and ADF concentrations linearly decreased as percentage of juniper increased in the diet (Mertens, 1987) ; therefore, other factors affecting DMI such as aversive postingestive feedback are plausible. Others have suggested that aversive postingestive feedback can regulate feed consumption (Launchbaugh and Provenza, 1994; Provenza, 1995; Pritz et al., 1997) .
Essential oils can reduce digestion (thus DMI) by reducing microbial colonization of feed particles (Akin et al., 1988; McEwan et al., 2002; Duval et al., 2004) . Juniper leaves had greater PAB and true IVDMD than cottonseed hulls, and PAB was similar among treatment diets (Table 2 ). In addition, CSHJ and JUN diets had greater true IVDMD than the CSH diet. Interpretation of results indicated that monoterpenoid oils did not reduce bacteria colonization, probably due to less monoterpenoid concentration in the air-dried juniper.
Fresh redberry juniper intake of 5.8 g·kg −1 BW (DM basis) has been indicated to be the maximum intake for grazing Spanish goats (Pritz et al., 1997) . Residual feed was not evaluated in the current study, but juniper consumption of lambs fed CSHJ and JUN diets was estimated to be greater than reported by Pritz et al. (1997) , probably because it was air-dried or used in a mixed ration with other feedstuffs and fed in a Table 2 . Solubility, digestibility, particle-associated bacteria (PAB), and condensed tannins (CT; % DM basis) of dry juniper leaves, cottonseed hulls, and treatment diets Treatment diets were growing rations containing 30% cottonseed hulls (control; CSH), one-half of the cottonseed hulls replaced by dry juniper leaves (CSHJ), or all of the cottonseed hulls replaced by dry juniper leaves (JUN). UIP = undegradable intake protein. During period 1 (d 0 to 28), lambs were fed a 65% concentrate ration. drylot. Decreased performance by lambs fed JUN diets during period 1 seems to mainly be due to total monoterpenoid oil intake as suggested by Riddle et al. (1996 Riddle et al. ( , 1999 , specific monoterpenoid intake (Utsumi et al., 2009) , or an interaction of monoterpenoids with other compounds (e.g., CT) as suggested by Wang and Provenza (1997) .
Concentrations of CT in the treatment diets have been considered to be large enough to cause adverse affects on the rumen environment and the animal (Barry and Duncan, 1984; Barry and Manley, 1985; Balogun et al., 1998) ; however, some forages containing CT at this concentration affected lamb performance positively (Niezen et al., 2002) , and Min and Hart (2003) conclud- ed that molecular characteristics of CT are as important as concentrations. Future studies evaluating effects of monoterpenoids on animal performance should also consider compounds such as CT.
Most of the difference in ADG was due to decreased ADG of lambs fed JUN diets (quadratic, P = 0.08). Interpretation of results indicated that 30% dry juniper leaves has exceeded the maximum inclusion rate in lamb growing rations. Even though sheep do not generally consume as much juniper as goats while grazing (Straka, 1993) , average daily DMI for lambs fed CSHJ and JUN diets in the current study are similar to others that reported air-dried redberry juniper fed to goats at amounts up to 12.5% of daily DMI did not reduce intake, but reduced intake at 25% of daily DMI (Taylor et al., 1994) .
The G:F tended to decrease linearly (P = 0.07) and, interestingly, lambs fed CSHJ diets had greatest G:F (quadratic, P = 0.04; Table 4 ). Raghavan (1990) reported that CT-rich leaves could be fed without adverse effects when used in ruminant concentrate rations, and Meyer et al. (2009) reported an increase in steer G:F with no effects on digestion or metabolism when dietary CT increased. Moderate amounts of secondary compounds have also increased bacteria efficiency (Blummel and Orskov, 1993; Mlambo et al., 2008) through altering rumen microbial species composition and leading to a reduction in ammonia (McIntosh et al., 2003) and acetate:propionate production (Castillejos et al., 2006) . In addition, moderate CT concentrations have reduced ruminal protein degradation and increased protein and AA flow to the intestine (Barry and Manley, 1985; McLean and Duncan, 2006) ; thus, CT, monoterpenoids, or both in the CSHJ diet seemed to have acted as complementary compounds as described by others (Oh et al., 1967; Burritt and Provenza, 2000; Rogosic et al., 2003) .
Even though DMI of lambs fed the JUN diet was approximately 0.8 kg/d less than lambs fed the CSH diet, nutrient intake was not considered limiting because daily consumption of CP and NE by lambs consuming JUN diet greatly exceeded NRC (2007) recommendations of lambs gaining 0.14 kg/d (i.e., lambs consuming JUN diet); thus, less G:F of lambs fed JUN diet is interpreted to indicate one or more of the following: secondary compounds negatively affected rumen function or nutrient absorption (Walton et al., 2001) or increased nutrient requirements for maintenance by repartitioning nutrients toward excretion and detoxification mechanisms (Gugliemo and Karasov, 1996; Illius and Jessop, 1997; Villalba and Provenza, 1999) . Separating effects of juniper secondary compounds on rumen and whole body physiology warrant further investigation.
Period 2. As lambs transitioned onto an 85% concentrate diet (period 2), percent juniper in the diet for lambs fed CSHJ and JUN diets was reduced to 5 and 10%, respectively. Even though juniper leaves were allowed to air dry for at least 14 d before being fed, monoterpenoid concentrations (Table 3) were still greater than previously reported for fresh redberry juniper material (Riddle et al., 1996) . Nevertheless, lambs consuming JUN diet began performing as well as lambs consuming CSH and CSHJ diets; thus, nutrient-toxin interactions seem to have not occurred during period 2 as previously discussed for period 1, or the decreased NDF and ADF concentrations during period 2 (vs. period 1) allowed for greater intake and digestibility.
No differences in lamb BW were observed (treatment × day, P > 0.18; Figure 1 ) during period 2. Further, all lambs had similar (P > 0.16) average daily DMI and ADG (Table 4 ). The ADG, DMI, and G:F during period 2 in this study were within the range reported by others for lambs on finishing rations containing ≥80% concentrate (Hufstedler et al., 1996; Johnson et al., 1998) .
Realimented livestock that had previously been feedrestricted and having little or no change in BW can experience compensatory growth, which is defined as a physiological process in which an animal accelerates its growth and catches up to non-feed-restricted animals (Hornick et al., 2000) . Compensatory growth was not observed in this study, but lambs consuming JUN diet had ADG (P > 0.62), DMI (P > 0.16), and efficiency of BW gain (G:F, P > 0.14) equivalent to lambs consuming CSH and CSHJ diets. Others have shown that livestock experiencing compensatory growth can have greater feed intake, ADG, and G:F than nonrestricted livestock (Kabbali et al., 1992; Sainz et al., 1995; Wester et al., 1995) . Animal performance during period 2 indicated 1 or more of the following: 1) lambs consuming JUN diet were not severely nutrient-restricted during period 1; 2) lambs consuming JUN diet began using nutrients more efficiently as described by others (Fox et al., 1988; Fluharty and McClure, 1997) ; 3) 30% juniper in the diet did not permanently alter rumen and whole body morphology or physiology; or 4) aversive postingestive feedback elicited during period 1 was eliminated in period 2.
Serum NEFA, Urea N, and IGF-1 Period 1. Serum NEFA concentrations tended to linearly increase (P = 0.09) with increasing percent juniper in the diet (Table 5) , and serum NEFA was negatively correlated to final BW of period 1, ADG, and average daily DMI (−0.50, −0.56, −0.55, respectively; P < 0.03). Lapierre et al. (2000) also found a negative relationship between intake and circulating NEFA concentrations. Restricting feed intake can increase serum NEFA and urea N concentrations due to lipid and protein catabolism, respectively (Cole and Hutcheson, 1981; Chilliard et al., 2000; Obeidat et al., 2002) . Positive ADG and minimal serum NEFA concentrations indicated lambs were not extensively mobilizing adipose tissue.
Circulating NEFA can also increase as adipose tissue is mobilized during periods of physiological stress (e.g., inflammatory response) that require additional nutrients (Bell, 1995; Waldron et al., 2003; Pethick et al., 2005) . Secondary compounds can induce physiological stress by negatively affecting liver and kidney function (Harvey, 1942; Pritz et al., 1997) . The liver is the primary site of NEFA metabolism (Bruss, 1993) ; thus, secondary compounds could potentially affect circulating NEFA concentrations by reducing hepatic uptake, re-esterification, or oxidation of NEFA (Drakley and Andersen, 2006) . Lambs that consumed JUN diet had the least average daily DMI but were not nutrient-restricted, because according to NRC (2007) , ADG of lambs consuming 1.19 kg/d should have been similar to lambs consuming the CSH diet; thus, differences in serum NEFA results for the JUN diet were more likely a result of the effect of secondary compounds on hepatic function than on lipid catabolism.
Increasing juniper in the diet reduced SUN on d 14 (linear, P < 0.006), but concentrations were within the range previously reported for lambs (Kohn et al., 2005; Pittroff et al., 2006; Kraft et al., 2009 ). Circulating urea N increases due to greater CP intake (Cole and Hutcheson, 1988; Bandyk et al., 2001; Bodine and Purvis, 2003) , but SUN was not correlated (P < 0.37) to CP intake or any other variables evaluated in our study. Other variations in SUN concentrations have been attributed to greater protein requirements of the animal (Carlson, 1996) , greater ammonia N processed in the liver due to greater CP degradation in the rumen (Carter et al., 1989) , greater postabsorption AA catabolism, and greater efficiency of AA utilization (Mersmann et al., 1984; Sahlu et al., 1993; Ponnampalam et al., 2005) .
Feed refusals were not evaluated, but less SUN in lambs consuming JUN diet may have also been due to greater monoterpenoid oil intake due to juniper leaves in the diet. For instance, blood urea N is reduced in Spanish goats when they are given a dose of redberry juniper monoterpenoid oil (Straka, 2000) . Essential oils can alter rumen function by altering bacteria species composition (Chao et al., 2000) , reducing microbial colonization of feed particles (Akin et al., 1988; McEwan et al., 2002; Duval et al., 2004) , and reducing ammonia N and acetate:proprionate (Wallace, 2004; Castillejos et al., 2006) .
Circulating IGF-1 is an indicator of performance, production efficiency, and nutrient balance in livestock (Breier et al., 1988; Breier, 1999) . Kriel et al. (1992) suggested that CP intake seems to be the limiting factor for stimulating circulating IGF-1 concentrations. Others have shown that an increase in CP intake and AA absorption can increase serum IGF-1 in lambs (Kriel et al., 1992; Lobley, 1992) . Serum IGF-1 concentrations were positively correlated to DMI (0.60, P < 0.004); therefore, a linear reduction (P = 0.006) of serum IGF-1 on d 28 due to increasing juniper in the diet would seem to be primarily related to nutrient intake, especially CP as suggested by Wester et al. (1995) .
Although not evaluated in this study, it should be noted that serum IGF-1 promotes gut growth and maturation (Read et al., 1992; Bastian et al., 1999) . For example, greater serum IGF-1 has been associated with greater small intestine weight, glumerula size, and kidney function (Hammerman and Miller, 1993; Zapf et al., 1999) . Lambs consuming CSHJ diet seemed to have less aversive postingestive feedback and 38% greater serum IGF-1 than lambs consuming JUN diet; thus, further research is warranted to determine if serum IGF-1 is related to secondary compound detoxification or excretion mechanisms.
Period 2. Lambs from all treatments had similar serum NEFA concentrations (P = 0.23) during period 2. Serum NEFA concentrations were minimal; thus, nutrients were not limiting and lambs were mobilizing very little adipose tissue. No differences (P > 0.12) for SUN were observed except for quadratic relationships (P < 0.02) on d 40 and 82, where lambs consuming CSHJ diet had greater concentrations than lambs consuming CSH and JUN diets. Reasons for greater SUN concentrations in lambs consuming CSHJ diets are difficult to explain beyond what has previously been discussed for period 1.
At the beginning of period 2 (d 33), serum IGF-1 tended to decrease (P = 0.09) with increasing concentrations of juniper in the diet, which is probably a carryover effect from period 1. Within 12 d after period 1 (d 40), lambs that consumed CSHJ and CSH diets had similar (P > 0.12) concentrations of IGF-1 compared with lambs that consumed a CSH diet. Others have shown that serum IGF-1 concentrations increased rapidly when a nonrestricted diet was consumed after a period of minimal feed intake (Wester et al., 1995) .
Conclusions
Results were interpreted to indicate that air-dried redberry juniper leaves can effectively be used as a roughage source and can replace all of the cottonseed hulls in lamb feedlot rations, but may reduce intake and consecutively growth at greater inclusion levels. Results were also interpreted to indicate that secondary compounds and nutrient-toxin interactions should be further considered when evaluating the nutritional quality of a feedstuff and nutrient requirements of the animal and its rumen microbial populations. Utilization of juniper as a roughage source could provide ranchers with a readily available on-site feed resource and possibly lessen the negative impact of this undesirable invasive brush species. The concept of juniper as an undesirable invasive brush species may need to be reevaluated as new ways to increase its value are explored.
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